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(57) The gato electrode of a MOS de- 
vice comprises a layer 26 of a highly 
conductive material interposed be- 
tween two polysilicon layers 14, 18. 
This provides a gate electrode of re- 
duced sheet resistivity. The highly con- 
ductive material may be a metal aiiicide 
fqrmed by depositing a layer of a metal 
alloy or metaKeg Ti ,Ta,W,Pt or Mo) on 
the first polysilicon layer 14, covering 
with the second polysilicon layer 18 and 
heating to react the metal with the t 
polysilicon. Alternatively a metal 
silidde layer may be formed by direct 
deposition. 
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SPECIFICATION 
; l^th^mtotMtyeompo^toMfiAictoratto 



J The present Invention relates generally to MOS 
, devices, and more particularly to silicon-gate MOS 
devices. 

Silicon gate MOS devices In which a doped 

10 polycrystatline silicon, or polysilicon, layer serves as 
the gate electrode are widely used in a wide variety 
of MOS Integrated circuits, such as read-only 
memories and random-access memories. The speed 
of silicon-gate MOS devices has heretofore been 

IS limited by, among other things, the relatively high 
polysilicon sheet resistivity, which is typically In the 
order of 1 5 to 40 ohms per square. Since the speed 
o't operation of an MOS circuit is dependent on RC 
time constants within the circuit, the relatively high 

20 level of sheet resistivity of the conventional silicon- 
gate devices limits the speed of operetion of Inte- 
grated circuits which contain these devices. 

Although the desirability of reducing the sheet 
resistivity of silicon-gate MOS devices to increase 

26 the operating speed of these devices has long been 
recognized in the semiconductor Industry, a success- 
ful and practical means of reducing the sheet 
resistivity, thereby reducing the RC time constant 
and Increasing opera!' ng speed, has thus far not 

30 been achieved. 

In an attempt to reduce sheet resistivity of the 
material used for the gate electrode In MOS devices, 
refractory metals or refractory silicides such as 
molybdenum, titanium disilicide, tantalum disilicide, 

35 and molybdenum disilicide have been considered 
for use as materials in the gate structures of MOS 
integrated circuit structures. Reports on these con- 
siderations have been presented by A. T. Sinha et al 
at the IEEE Reliability Physics Symposium, in April 

40 1980, entitled "Generic MOS Reliability of the High 
Conductivity TaSi*/n+ Poly-Si Gate Structure", and 
by S. P. Murarka, at the IEEE International Electron 
Devices meeting in December, 1979, entitled "Re- 
fractory Silicides for low Resistivity Gates and 

45 Interconnects." Although the use of the materials 
proposed in these reports in MOS devices provides a 
reduction in sheet resistivity as compared to heavily- 
doped polysilicon, they are often difficult to deposit 
and to etch accurately, and often degrade the 

50 electrical characteristics of the MOS integrated cir- 
cuits which include these materials in their gate 
structures by Introducing additional deleterious 
mechanisms, such as instabilities, into the devices. 
It is, therefore, an object of the invention to 

55 provide an MOS silicon gate device capable of 
operating at higher speeds than has thus far been 
possible. 

It is a further object of the invention to provide an 
MOS structure of the tvpe described which can be 
60 fabricated without the need for additional photo- 
lithographic operations. 

It is a further object of the invention to provide an 
improved conducting gate material which can be 
formed by the use of deposition and etching techni- 
65 ques, the characteristics of which are known and 



underst od by MOS engineers. 

hiss general object of the invention tc provide an 
MOS structure which provides the advantages of 
conventional silicon gate technology wMIe provid- 

70 Ing a substantial reduction in sheet resistivity and a 
concomitant increase in device operating speed. 

In accordance with th e invention, a conduct ive 
lay er of a jpejajof mala! allay i s interposed or 
" sancMc hejTbejween two layers to form a co mpo- 

75 si te gate e1e5 5dAQf an MPS device. When the' 
materia: of the intermediate layer is a metal, the 
sandwich is heated so that the metal in the interme- 
diate layer reacts with the overlying and underlying 
polysilicon layers to form a sllicide of the metal. The 

80 gate electrode structure fabricated in this manner, in 
which a conductive metal silicide is interposed 
between two polysilicon layers, has a significantly 
reduced sheet resistivity. 
To the accomplishment of the above and any 

85 further objects that may hereinafter appear, the 
present invention relates to a silicon-gate MOS 
device and the method for its manufacture, substan- 
tially as defined in the appended claims, and as 
described in the following specification as consi- 

90 dered together with the accompanying drawing in 
which: 

Figure 1 is a cross section of an MOS device 
during an intermediate state of its fabrication in 
accordance with the present invention; 
95 Figure 2 is a cross section of the MOS device of 
Figure 1 at a later stage of its fabrication; and 

Figure J is a cross section of the device at a still 
later stage of Its fabrication. 
In Figure 1, there is shown an MOS device after the 

100 completion of an early stage of its fabrication. As 
therein shown, a thin (typically 1,000A) insulating 
layer 10 of a silicon dioxide is formed in a conven- 
tional manner over a substrate 1 2 of silicon, here 
shown for purposes of illustration, as being of p-type 

105 conductivity. 

A highlyj joped polycry s talline silicon laver 14 is 
deposited over the thin oxide layer 10. T he thickness 
of this highly doped polycrystalline silicon layer is, 
typically, between 500A and 2.500A, and it is typ« 

110 iy doped with n-type impurities such as arsenic or 
antimony. Next, a thin layer 16, which is advan- 
tageously between 500A and 1.500A in thickness, of 
a metal such as titanium, tantalum, tungsten, plati- 
num or molybdenum is deposited over polysilicon 

1 1 5 layer 1 4. The material chosen for use in layer 1 6 is 
preferably a metal having the property of being able 
to combine with polysilicon at high temperatures to 
form e conducting silicide. The material of layer 16 
may also be an alloy or compound of a metal, such 

120 as titanium disilicide, which has comparable charac- 
teristics, but does not need to further react with the , 
polysilicon to form the silicide of the metal. In the ' 
embodiment of the invention herein described, the 
material of layer 16 is titanium which may be i ' 

125 deposited onto polysilicon layer 14 by electron- j 
beam evaporation. J 
Immediately following the deposition of the tita- 
nium layer 16, a second polysilicon layer 18, which 
may be doped with an n-type impurity such as 

130 arsenic, antimony, or phosphorus, is deposited over 




GB 2 077 993 A 



the titanium layer 16 in a conventi nal manner to a 
thickness In the order of 2,000A, after which a 
masking layer 20 of silicon nitride of a thickness In 
the order of 1,500A Is deposited over the polysilicon 
6 layer using plasma deposition techniques at temper- 
atures lower than 500°C. 

Following the deposition of the nitride layer 20, a 
layer of photoresist material (not shown) is depo- 
sited over the multlleyered structure and is thereef- 
10 ter exposed and developed to a desired pattern 
through the use of conventional photolithographic 
techniques. Next, using the patterned photoresist as 
a mask, the underlying silicon nitride layer 20 is 
etched through conventional chemical etching or 
15 plasma etching techniques and the remaining photo- 
resist is stripped off. Then, using the patterned layer 
of silicon nitride as a mask, the underlying layers of 
polysilicon, titanium, polysilicon and silicon dioxide 
are etched away, one or more at a time using 
20 conventional chemical etching, plasma etching, or 
Ion-milling techniques, down to the silicon substrate 
1 2. The structure that is achieved as a result of these 
steps is shown In Figure 1 . When Ion-milling techni- 
ques are employed, it may be desirable to subiect 
25 the structure to high temperatures (which would 
result In the formation of the silicide) before the 
ion-milling procedure is performed. 

The structure of Figure 1 1s then subjected to a 
diffusion or implantation operation in which the 
30 multilayered structure of Figure 1 operates v « 
to achieve a self-aligned gate structure, whereby 
spaced n+ -type source and drain regions 22 and 24 
are formed in the upper surface of substrate 12. as 
shown in Figure 2. During, or before, this operation, 
35 the structure is typically exposed to temperatures in 
excess of 700°C in an inert ambient such as dry 
nitrogen for a sufficient period of time to allow the 
metal of the intermediate layer 16, here titanium, to 
react with the polycrystalline silicon material directly 
40 above and below It to form a siliclde of the metal, 
here titanium disilicide 26 (Figure 2). 

In the event that titanium disilicide or other 
conductive disilicide or alloy of a metal is employed 
as the starting material for layer 16. no significant 
45 further reaction would occur between that material 
and the polysilicon layers, although the resulting 
structure would be comparable in that it would 
comprise the layer of conductive sllicide covered by 
and overlying a polysilicon layer. 
50 The titanium disilicide layer 26 In the resulting 
"sandwich" gate electrode is advantageous as it 
behaves In a manner similar to a refractory metal, is 
highly conductive, and oxidizes at a rate comparable 
to the polysilicon. 
55 X ft er * aftB ! ; tne •< ru gV re of flflurejEja IMfelflSjjSLtP. 

a locafoxlciaio n operatio n in i which Jhe_|lj[cpn 
— ffitrW iayer 2Qjsj^ 

the silicon substrate 1 2 is oxidized so as to form a 
thicjLOxideJayer.28joLaj^^ of 
60 iq i 0J^which_ejOej^ 

ffimpoKit^ c onducting gffite. fll*** rnHft Tha tide walls 
o f the com"Q ftite COP^^'Pfl material ate also 
oxidiz ed during thiaoa eiaiion. 
Thereafter, the silicon nitride layer 20 Is removed 
65 resulting In the structure shown in Figure 3. The 



structure includes a three-layer composite gate 
electrode made up of the two polysilicon layers and 
the intermediate titanium disilicide layer. Preferably, 
an additional diffusion may be subsequently per- 

70 formed In the exposed upper (polysilicon) surface of 
the composite layer, and an additional oxidation 
step may be performed to the upper surface of the 
polysilicon layer, thereby to provide a thin oxide 
layer (not shown), which provides electrical Isolation 

75 between the polysilicon layer and a subsequently 
formed, overlying metal interconnection layer (8lso 
not shown). Alternately, a similar, but thkkcr, ?*iue 
layer may be chemically deposited to provide such 
electrical Isolation. The resulting MOS structure is 

80 then completed according to conventional fabrica- 
tion techniques. 

The MOS device constructed according to the 
present invention, as described in the foregoing 
exemplary embodiment, provides a low-sheet resis- 

85 tlvlty composite gate electrode which is substantially 
equivalent in all other ways to a conventional 
polysilicon gate electrode. The composite gate elec- 
trode of the Invention includes a highly conductive 
metal silicide layer sandwiched between polysilicon 

90 layers. However, it differs from the conventional i 
silicon-gate MOS device in that it provides a remark- 
ably low value of sheet resistivity, in the order of | 
between 0.5 and 5.0 ohms per square, as compar^ 
to conventional doped polysilicon gate structures in 

95 which the sheet resistivity of the doped polysilicon is 
typically between 1 5 and 40 ohms per square. The 
reduced sheetresistivity achieved in the MOS device 
of the present invention significantly improves the 
speed of the MOS device and is thus highly advan- 

100 tageous for use in many applications of MOS 

devices, such as random-access memories, in which 
speed of operation is of particular importance. 

In addition, the gate-Insulator interface between 
the first polysilicon layer 14 and the oxide layer 10 is 

105 a polysilicon-SiOj Interface and all contacts made to 
the conductive gate will be to the upper polysilicon 
layer 18. Since the characteristics of the polysilicon- 
Si0 2 gate-Insulator Interface and of the aluminum 
connections to the overlying polysilicon layer are 

110 known to the MOS process engineer, the improved 
gate electrode structure of the invention can be 
readily utilized by the manufacturer of MOS devices 
without the need for additional considerations. 
Although the invention has been specifically de- 

1 1 5 scribed for purposes of example with titanium used 
as the starting material for the conductive layer 
interposed between the two polysilicon layers, other 
metals and alloys may also be used which meet the 
requirements for this material as set forth above. It 

120 will thus be appreciated that modifications may be 
made In the embodiment of the Invention hereina- 
bove described without necessarily departing from 
the spirit and scoope of the invention. 

125 CLAIMS 

1 . A method of fabricating an MOS device which 
comprises the steps of providing a substrate, form- 
ing on a surface of said substrate a thin insulating 
130 layer, depositing on said insulating layer a first layer 
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of polyslllcon, depositing on said first polyslllcon 
layer an electrically conductive layer of a material 
capable of reacting with polyslllcon when heated to 
an elevated temperature to form a conductive sill- 

6 clde, depositing a second polyslllcon layer over said 
conductive layer, and thereafter heating said struc- 
ture to cause polyslllcon in said first end second 
potysiticon levers to react with the material of said 
conductive leyer to form e silicide of the material of 

10 said conductive layer. 

2. The method of Claim 1 . In which said conduc- 
tive layer Is formed of a metal. 

3. The method of Claim 2, in which said conduc- 
tive layer Is a metel selected from the group 

15 consisting of titanium, tantalum, tungsten, platinum, 
and molybdenum. 

4. The method of Claim 1, further comprising the 
step of oxidizing said substrate to form a thick oxide 
lever which surrounds said conductive layer and 

20 said first and second polyeilicon layers, 

5. A method of fabricating an MOS device which 
comprises the steps of providing a silicon substrate, 
forming a thin oxide layer over said substrate, 
depositing a first doped polyslllcon layer over said 

25 thin oxide layer, depositing a conductive layer over 
said first polyslllcon layer, depositing a second 
doped poh/sllicon layer over said conductive layer, 
and selectively removing portions of said oxide 
layer, said conductive layer, and said first and 

30 second poh/sllicon layers, thereby to form a compo- 
site three-layer gete structure In which said conduc- 
tive layer is Interposed between said first and second 
polyslllcon layers. 

6. The method of Claim 5. In which said conduc- 
35 tlve layer is formed of a metal. 

7. The method of Claim 5, In which said conduc- 
tive leyer Is e metal selected from the group 
consisting of titanium, tantalum, tungsten, pletinum, 
end molybdenum. 

8. The method of Cleim 6. further comprising the 
step of heating said gate structure in an inert 
embient to cause said metal to react with the 
polysllicon of *aid first and second polyslllcon layers 
to form a silicide of said metal. 

9. The method of Cleim 8, in which seid conduc- 
tive layer is a metel selected from the group 
consisting of titanium, tantalum, tungsten, platinum, 
and molybdenum. 

10. The method of Claim 5, in which seid conduc- 
50 tive layer is formed of a metal silicide. 

11. The method of Claim 6, further comprising 
the steps of oxidizing said substrate to form a thick 
oxide layer which surrounds said conductive layer 
and said first and second polysillcon layers. 

65 12. An MOS transistor device comprising a subs- 
trate, spaced source and drain regions formed in a 
surface of said substrate, en oxide leyer overlying 
said substrate surface and extending between said 
source and drain regions, and a gate electrode 

60 structure overlying said oxide layer, said gate elec- 
trode structure comprising a first doped polyslllcon 
lover overlying said oxide layer, an electrically 
conductive layer overlying and in contact with said 
first polyslllcon layer, and a second polyslllcon layer 

65 overlying end in contact with said conductive layer. 
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13. The MOS device of Claim 12, in which said 
conductive layer is e silicide of a metal selected from 
the group consisting of titenium, tantalum, tungsten, 
platinum, and molybdenum. 

70 14. A method of fabricating an MOS device, 
substantially as herein described with reference to 
the accompanying drawings. 

15. An MOS device substantially as herein de- 
scribed with reference to the accompanying draw- 

75 ings. 
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